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ABSTRACT

WHEN AM I EVER GOING TO USE THIS

A MATHEMATICS INVESTIGATION
by
Nicole Drake
August 2006
This project is a format for developing investigations that includes a sample set of
investigations that teachers can use as a resource. This project develops an investigation
that assists teachers in presenting math concepts within the context of his or her students'
everyday life. Investigations use real live experiences as background and context for
student learning. By developing a problem that the students can relate to, the student's
attitudes and depth of knowledge will improve. This project looks into, the history of
reform in mathematics education, the National Council of Teachers of Mathematics
standards, current curricula addressing reform, math workshops, and assessment.
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CHAPTER I
INTRODUCTION
General Problem
This non-thesis project develops an "investigations" approach that assists teachers
in presenting mathematical concepts within the context of his or her students' everyday
life. Traditional math is characters and principles found within textbooks and done with a
lot of drill and practice. Standardized test scores have shown the traditional way of
presenting materials is not working. Students using context based or reform curricula are
performing better on high stakes tests. Studies have also shown that American students
are not doing as well as their international counterparts (Mullis, et al., 1997).
The Background of the Problem
Traditionally mathematics is presented through direct instruction. The teacher
passes on his or her knowledge of facts, theory, skills, and formulas onto the students.
The students are required to drill and practice what their teacher has "taught" them. The
traditional approach to learning mathematics relies on the use of rote memorization and
algorithms by the students. The Third International Mathematics and Science Study
(TIMMS), conducted in 1994, showed that United States eighth grade students were
scoring well below the international average. The average United States eight grader's
score was 500 while the International average was 513. With many other countries
scoring well above the international average. The National Council of Teachers of
Mathematics mandated changes in current curriculum (NCTM, 2000). Researchers are
trying to develop new curriculum around what is now known about child development
1
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and how students learn. Not every child learns the same way or at the same speed, so
there needs to be curriculum that is responsive to students' differences.
In math, there needs to be a tie not only to the children's lives but also to other
school subjects. If the learner can connect the theory to background knowledge,
understanding that theory becomes much easier. When a subject such as math becomes
easier, students' attitudes improve. When students' attitudes change, math will become
more interesting. If math is more interesting to children, they will become more eager to
participate and actually want to learn. Children should be able to explore, make
connections, analyze, categorize, construct, ask questions, and solve mathematical
problems.
Leaming through investigations allows students to process their thinking, ask
questions and explore concepts at their own speed and ability. The teacher becomes a
facilitator. As a facilitator, the teacher creates problems that focus on big ideas. Problems
in investigations are in a familiar context that the students have a basic understanding and
interest in knowing. The students use different strategies to figure out how to solve the
problem. Each student may find a different way to answer the problem while still
working towards the big idea or concept. This is unlike traditional mathematics, where
finding different solutions to a problem is discouraged a student's ability to prove an
answer in several ways is empowering (Fosnot & Dolk, 200la). The teacher can then
evaluate and assess each student's development and understanding of the problem. While
working with the students the teacher posses questions to push and stretch the student's
thinking. The student shows his or her understanding and thinking by working together,
making inferences and using hands-on materials.
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Three main research based projects have addressed elementary mathematics
curriculum. Those projects are The University of Chicago School Mathematics Project,
the TIMS Project at the University of Illinois at Chicago and TERC (previously,
Technical Education Research Centers) in Massachusetts. The Tri-State Student
Achievement Study, conducted by the ARC (Alternatives for Rebuilding Curriculum),
looked at the outcomes of the curricula developed by the three different projects. Results
of the study show those students in schools using a reformed curriculum, typically score
higher on standardized tests. Not only do investigations improve test scores but they
improve problem-solving strategies and reasoning skills. Students begin to understand
their own thinking process. Students who understand their own thinking can gain the
ability to organize and extend their thoughts and communicate their thinking clearly and
effectively.

The Purpose of the Study
This project is a format for developing investigations that includes a sample set of
investigations that teachers can use as a resource. This project develops an investigation
that assists teachers in presenting math concepts within the context of his or her students'
everyday life. Investigations use real live experiences as background and context for
student learning. By developing a problem that the students can relate to the student's
attitudes will improve towards math.

Overview of the Project
This project will look at archived research and literature focused on mathematics
curriculum reform. Exploring research done on curriculum reform will show the need for
investigations in mathematics. This study will examine current curriculum to create an
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investigation that the students can relate to themselves. The National Mathematic
Standards will be addressed to make sure the investigations are aligned properly.
Definition of Terms
Algorithm- are procedures that can be executed in the same way to solve a variety of
problems arising form different situations and involving different numbers. (Kilpatrick,
Swafford & Pindell, 2001)
Assessment- A formal attempt to determine a student's status with respect to an
educational variable of interest. (Popham, 2005)
Autonomy- Means being governed by oneself. It is the opposite ofheteronomy, which
means being governed by someone else and not questioning what is taught (Kamii &
DeClark, 1985).
Big Ideas- the central, organizing ideas of mathematics principles that define
mathematical order (Schifter & Fosnot, 1993).
Context- as the situation in which the problem is embedded (Borasi, 1986).
Direct instruction- A lecture based form of instruction where the teacher passes on
information to the students (Kohn, 1999).
Facilitator- A teacher that guides student learning and develops a foundation for
understanding instead of dictating the correct answer (Kamii, Dominick, 1998).
Inquiry- asking questions, wondering why (Fosnot & Dolk, 200la).
Investigation- setting up relationships, searching for patterns, constructing models, and
proposing conjectures and proving them (Fosnot & Dolk, 200la).
Landmark Number- Numbers that are easy for students to use and understand (Fosnot &
Dolk, 200lb).

5

Math Congress- students communicate and defend their ideas, solutions, problems,
proofs, and conjectures with one another (Fosnot & Dolk, 200la).
Mini Lesson- A short ten- or fifteen-minute lesson to highlight certain strategies and to
develop efficient mental math computation (Fosnot & Dolk, 200la).
Models- Representations of relationships that student mathematicians have constructed.
Models can be mental images, drawings, numbers and words etc. (Fosnot & Dolk, 200la)
Rote memorization- practicing steps and procedures by memory (Kohn, 1999)
Standards- Descriptions of what mathematics instruction should enable students to know
and do. (NCTM, 2000)
Strategies- the process students use to solve problems (Fosnot & Dolk, 2001a).
Strings- Structured series of problems that are related in such a way as to develop and
highlight number relationships and operations (Fosnot & Dolk, 2001a p. 127; 2001b p.
105).
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CHAPTER II
REVIEW OF THE RELATED LITERATURE
History of education reform in mathematics
Throughout history, there has been a wide spectrum of mathematics education in
the United States. The needs of the society have called for changes in ways of doing
mathematics. Historically mathematics education has been skills based. With the launch
of Sputnik, 1957, came the realization that the United States of America's mathematics
and science curricula were lacking and standards needed to be restructured (Schoenfeld,
2002). The 1970's saw a resurge of back-to-basics learning. Test scores later showed that
students had not made improvements with the back-to-basics movement which lead to
"problem solving" becoming a key concept of math (Schoenfeld, 2002). In 1983, a
pamphlet entitled A Nation at Risk created by the Department of Education called for
educational excellence and educational reform. The Nation at Risk pamphlet was
intended to "persuade the American public that there was a real crisis in American
education" (Urban 2004, p. 355). The report recommended raising standards and
suggested that students be required to take certain classes. It even went as far as to
suggest lengthening the school day and or year and improving teacher preparation
programs. America 2000, created by the first Bush administration, repeated similar
themes as A Nation at Risk. America 2000, an outcome of the 1989 Presidential Summit
on Education, recognized that schools were in need of reform, they needed to be held
accountable and schools were designed to become learning communities. Students need
to be prepared for "lifelong learning" (Urban, 2004). In the 1990's standards based
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mathematics continued as the theme of mathematics education (Schoenfeld, 2002). The
trend of more standards-based, goal-oriented education has continued through to today.
The main question that needs to be answered is, "Where is learning formed"?
Plato believed that learning comes from within. Plato believe that children should be
allowed to act as "free men" when interacting with mathematics. "Enforced exercise does
no harm to the body, but enforced learning will not stay in the mind. So avoid
compulsion, and let your children's lessons take the form of play" (Republic, p 295).
Children should be able to learn in a relaxed environment and learning should resemble
play. Students should be engaged in an activity instead of forced practice. A belief of
historical curricula is that learning comes from an outside source such as the teacher or
textbook. The learner him/her-self needs to be able to construct his or her own knowledge
and be able to connect it to what he/she are learning (Fosnot & Dolk, 200la; Fosnot,
1989; Piaget, 1977). Learners can and should be allowed to construct their own
knowledge. Genuine knowledge is developmental and constructive (Fosnot & Dolk,
2001 ). Leaming progresses in a sequential order and builds upon previous knowledge.
When children learn something new they try to connect what is being learned to prior
knowledge by thinking about it, arranging it, and modeling it. Piaget (1977) calls this
process assimilation.

Today's Mathematics
Today's traditional mathematics learning focuses on basic skills where instruction
is presented part-to-whole. This traditional type of mathematics relies on workbooks and
textbooks to help students learn concepts. Many skill and drill activities are included
along with using textbooks in learning traditional mathematics. Traditional math lessons
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are taught through direct instruction where the learners are passively absorbing
information passed on from the teacher (Kilpatrick, Swafford & Pindell, 2001; Kohn,
1999). Along with the direct instruction, the students are given repeated practice of facts
and procedures they learned. There is a focus on getting the correct answer as quickly as
possible by using specific algorithms. These activities reinforce learning mathematical
equations through rote memorization. "Children who learn to think, rather than to apply
the same procedures by rote regardless of the numbers, will be empowered (Fosnot &
Dolk, 200lb p. 102). Students who are allowed to develop their strategies and not use
textbooks and algorithms are able to think about the numbers and operations instead of
the steps they need to follow. Piaget in his constructivist philosophy feels that children
need to be allowed to invent their own mathematics without the procedures and
algorithms they are learning from teachers and textbooks (Kamii & Dominick, 1998).
Children need to be able to do their own thinking instead of using algorithms and
procedures given to them by the teacher. Kamii and Dominick (1998) argue that
algorithms are harmful to students because they stop students from doing their own
thinking and they do not support the development of number sense. Algorithms do not
support the development of number sense because they "un-teach" place value. When
children who have not been taught algorithms are encouraged to use their own strategies
they progress from left to right when solving problems (Kamii & Dominick, 1998;
Kamii, Lewis & Jones Livingston, 1993; Kamii, Lewis & Jones, 1991,). Progressing from
left to right is the direct opposite from the right to left progression of steps within
algorithms. Students who are encouraged to use their own thinking and strategies
strengthen their knowledge of place value. In their research at Hall- Kent School in
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Homewood, Alabama, Kamii, Lewis & Jones Livingston, (1993), found that students
who used their own strategies understood the place value of each column in the problem
instead of treating each column individually as ones.
"When students in the constructivist program solve problems such as 987 + 654
they think and say, for example, Nine hundred and six hundred in one thousand
five hundred. Eighty and fifty is a hundred thirty; so that's one thousand six
hundred forty-one. By contrast, many of the children who use algorithms unlearn
place value by saying, for example, Seven and four is eleven. Put one down and
one up. One and eight and five is fourteen. Put four down and one up. One and
nine is ten, so that's sixteen" (Kamii, Lewis, & Jones Livingston, 1993, p. 202).
Algorithms are easy for learners, mostly adults, who already have an understanding of
place value, but for those who do not have the basic understanding they can be confusing
and undermine comprehension. If students depend on algorithms they also become
dependent on teachers, textbooks and procedures instead of gaining autonomy and
thinking about it for themselves. To reinforce learning the concepts need to be connected
to previous knowledge (Piaget, 1977). Content needs to be connected and develop the
interrelationships between the concepts.

Curriculum Reform
The need for reform in mathematics education is apparent to many parents,
students and teachers. Results from national and international studies show that American
school children are not performing as well as their international counters in mathematics
(Carroll, 1998). Constructivist philosophy states that there needs to be a reform in not
only what is being taught but also how it is taught. The National Council of Teaching
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Mathematics agrees with the beliefs of the constructivist philosophy, that there needed to
be a change in not only what was taught but how it was taught and therefore created
standards to encourage reform (NCTM, 1989). Mathematics instruction needs to focus on
learning reasoning and problem solving skills. Students need to be engaged in meaningful
active learning experiences. Students use prior knowledge when dealing with new tasks .
and construct their own meaning and understanding. Mathematics instruction needs to be
diverse and include appropriate level work. Both individual and group work should be
included in mathematics instruction. Mathematics instruction also involves
communication and discussion between students and teacher, fitting practice,
clarification, and support from the teacher (NCTM, 1989). When learners are able to
communicate about a topic they show a higher level of understanding of the content.
Students need to be able to discuss, explain, evaluate and communicate mathematically
not only with the teacher but other students as well (NCTM, 1989).

National Council for Teaching ofMathematics
The National Council of Teaching Mathematics (NCTM) has identified standards
for teachers of mathematics and created the Principles and Standards for School

Mathematics (2000) along with other publications. The standards set forth by the
National Council of Teachers of Mathematics not only focus on content, but also the
process oflearning mathematics (NCTM, 1989, 2000). NCTM created these standards to;
ensure there is quality in math instruction, specify goals, and encourage change. The
council believes that all students can learn mathematics no matter what level or abilities
students have (NCTM, 2000; Hiebert, J. et al., 1997). Progress can still be made.

Principles and Standards for School Mathematics (2000) set forth six principles and ten
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standards for school mathematics. The themes of the six principles are equity,
curriculum, teaching, learning, assessment and technology. All students need to be held
to high expectations with effective teaching and a curriculum that is coherent and builds
upon ideas. The five content standards include; number and operations, algebra,
geometry, measurement, and data analysis and probability. The five process standards
include problem solving, reasoning and proofs, communication, connections and
representation. The subdivisions of each of the ten standards are included in Table 1.
Table 1

Standards for School Mathematics
Standard
Exnectations
Number and
• understand numbers, ways of representing numbers,
Operations
relationships among numbers, and number systems;
• understand meanings of operations and how they relate to
one another;
• compute fluently
Algebra
• understand patterns, relations, and functions;
• represent and analyze mathematical situations and
structures using algebraic symbols;
• use mathematical models to represent and understand
quantitative relationships;
• analvze chan2'e in various contexts .
Geometry
• analyze characteristics and properties of two- and threedimensional geometric shapes and develop mathematical
arguments and geometric relationships;
• specify locations and describe spatial relationships using
coordinate geometry and other representational systems;
• apply transformations and use symmetry to analyze
mathematical situations.
• use visualization, spatial reasoning, and geometric
mode!in2' to solve nroblems.
• understand measurable attributes of objects and the units,
Measurement
systems, and processes of measurement;
• apply appropriate techniques, tools, and formulas to
determine measurements.
Data Analysis and
• formulate questions that can be addressed with data and
Probability
collect, organize and display relevant data to answer them;
• select and use aonrooriate statistical methods to analvze
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•
Problem Solving

•
•
•

data;
develop and evaluate inferences and predictions that are
based on data;
understand and apply basic concepts of probability .
build new mathematical knowledge through problem
solving;
solve problems that arise in mathematics and in other

contexts;

•
•
Reasoning and
Proof

•
•

•
•
Communication

•
•

•
•
Connections

•
•

•
Representation

•

•
•

apply and adapt a variety of appropriate strategies to solve
problems;
monitor and reflect on the process of mathematical
problem solving.
recognize and proof as a fundamental aspects of
mathematics;
make and investigate mathematical conjectures;
develop and evaluate mathematical arguments and proofs;
select and use various types of reasoning and methods of
proof.
organize and consolidate their mathematical thinking
through communication;
communicate their mathematical thinking coherently and
clearly to peers, teachers, and others;
analyze and evaluate the mathematical thinking and
strategies of others;
use the language of mathematics to express mathematical
ideas precisely.
recognize and use connections among mathematical ideas;
understand how mathematical ideas interconnect and
build on one another to produce a coherent whole;
recognize and apply mathematics in context outside of
mathematics.
create and use representations to organize, record, and
communicate mathematical ideas;
select, apply, and translate among mathematical
representations to solve problems;
use representations to model and interpret physical, social,
and mathematical phenomena.

(NCTM, 2000)
The standards are a guide to what students should learn and be able to do at the end of the
mathematics instruction. The NCTM developed these principles and standards to supply
all students, with mathematical background, not just the select few that will go on to
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enroll in future math classes. The NCTM believes that students need to value math,
become self-assured in their math abilities, become mathematical problem solvers as well
as communicate and reason mathematically (NCTM, 1989, 2000) Students should
understand the importance of math in their everyday lives and be confident in their
mathematical abilities.
Dutch Research
Researchers in different countries have addressed the issue of curriculum reform.
Hans Freudenthal, a Dutch researcher, looked at how children learn mathematics. Hans
Freudenthal (1968) believed mathematics to be a human activity. Math is the activity of
solving problems and looking for new problems. "It is also the activity of organizing
matter from reality or mathematical material; he called this, 'mathematization"'
(Freudenthal, 1968). He believed that to learn math students need to be actively engaged
and exploring realistic problems. According to Freudenthal, the best way to learn
mathematics is by doing (Van den Heuvel-Panhuizen, 2003). When looking for situations
to use to foster mathematizing there are three things that need to be included:
•

The situation must be able to be modeled. There needs to be a way that
students can represent the situation.

• Students need to be able to realize what they are doing. The situation can be
real or imaginary but students need to be able imagine something concretely.

•

Students need to be able to ask questions about what they are doing. Inquiry is
an important part of mathematizing

(F osnot & Dolk, 2001 a; 2001 b ).
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Freudenthal's explanation on mathematics has affected both teaching methods and the
goals of mathematics education.

Projects Addressing Curricula Reform
In the 1990's The National Science Foundation funded three institutions to
develop balanced curricula based around the NCTM standards. The three institutes that
developed the curricula were the University of Chicago, the University of Illinois at
Chicago, and TERC in Cambridge, Massachusetts. While each of the institutes programs
developed different curricula all three were constructed around similar goals. All three
curricula state that they:
•

Build on children's experiences;

•

Teach basic arithmetic as well as geometry, data analysis, measurement,
probability, and concepts of algebra;

•

Challenge students with engaging and meaningful applications;

• Connect topics within mathematics and with other subjects;
• Encourage students to solve problems in many ways;
•

Balance skills with concepts and problem solving;

•

Include a variety of instruction approaches;

•

Help teachers extend their understanding of mathematics and teaching; and

• Provide a variety of assessment instruments and procedures .
(The Consortium for Mathematics and Its Applications, 2003)
Curricula including the above themes are considered to be reform curricula.
The University of Chicago School Mathematics Project (UCSMP) created the
curriculum Everyday Mathematics. After reviewing existing data, interviewing students,
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and looking at overseas practices the research team from the University of Chicago
created several basic principles that guided the development of the Everyday

Mathematics cuITiculum. The basic principles included the beliefs that:

•

Students acquire knowledge and develop an understanding of math from their
own experiences,

•

students come to school with more knowledge then previously believed and,

•

teachers are the main factor to a program's success .
(Bell et al., 2003)

When learning is placed in real-life situations and context, mathematics becomes more
meaningful. Everyday Mathematics curriculum features real-life problem solving and
balanced instruction as well as, varied teaching methods for skills development.
Communication is emphasized in Everyday Mathematics curriculum. Everyday

Mathematics also connects the child's school and home, and encourages using
technology (Bell, 2003). Everyday Mathematics brings real world experiences into the
classroom. Students learn and acquire more knowledge when they are able to connect
what they are learning to their own experience and the world around them. Unlike other
curricula Everyday Mathematics is designed for every student because it helps students
gain knowledge and understanding from the students' own experiences and prior
knowledge while encouraging communication about mathematics.
Confirming and expanding on the idea of curriculum reform the Third
International Mathematics and Science Study (TIMSS) provided more in-depth
information about the United States student learning compared to students abroad. The
Third International Mathematics and Science Study is one of the largest and
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comprehensive studies attempted. Forty- five countries participated in the TIMSS study
(Mullis, et al., 1997). Where five grade levels were tested in both mathematics and
science. More than half a million students were tested (Mullis, et al., 1997). The 19941995 Third International Mathematics and Science Study included six mathematics
content areas;

• whole numbers;
• fractions and proportionality;
• measurement, estimation, and number sense;
• data representation, analysis and probability;
• geometry; and
•

patterns, relations, and functions .

(Mullis, et al., 1997)
The researchers also included students' attitudes towards mathematics, students'
backgrounds, as well as teachers and their instruction. The TIMSS study videotaped
lessons, surveyed teachers, and analyzed textbooks along with achievement scores. The
study showed that United States fourth graders, scoring an average of 545 on the test, was
above the International average of 529 (Mullis, et al., 1997). While the United States
fourth graders scored above the average, the eight graders mean achievement of 500 was
below the International average of 513 (Mullis, et al., 1997). Singapore and Korea were
the two highest ranking countries in both the fourth grade and eight grade studies.
Singapore's fourth graders averaged 625 and the eighth graders averaged 643 (Mullis, et
al., 1997). Both averages are well above the international average of 529 (4th grade) and
513 (8 1h grade). Korea's fourth graders averaged 611 and the eight graders averaged 607
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(Mullis, et al., 1997). Japan and Hong Kong were also among the high ranking countries
with scores of 597 and 587 respectably for fourth graders, and 607 and 588 for eighth
graders.
The findings of the TIMSS study concluded that there are five major reasons for
the United States students not performing as well as students overseas including; United
States textbooks, lesson focus and goals, under representation of certain topics, the
breadth and depth of United States curriculum, and teacher implementation of refmm
curriculum (Carroll, 1998).
Textbooks do not take into consideration student's prior knowledge. The
textbooks for traditional mathematics are disjoined (Kohn, 1999). The concepts presented
within traditional textbooks are not connected to each other or related to real world
situations. Unlike with traditional textbooks curriculum should be developed around reallife experiences that students know, understand, and can build upon. The focus and goals
of the lessons in the United States are very different from other countries. Goals for
United States teachers included developing a skill by rote while teachers in Japan focus
on developing an understanding of the concept and problem solving (Carroll, 1998).
Students in Japan are encouraged to develop their own methods to solve problems. While
the students work the teachers walks around and do observational diagnostics on the
students' work. Through the observation the teachers decides on an order for the students
to present findings and explanations (Mabry & Phillips, 1998). Students learn from each
other in small groups, whole-group discussions with hands-on activities, manipulatives,
and other tools. In United States mathematics textbooks computational skills overshadow
subjects such as geometry, measurement and algebra (Carroll, 1998). The TIMSS study
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showed that the curriculum in the United States has great breadth but very little depth.
"The United States curriculum is a "mile wide and an inch deep," lacking focus at each
grade" (Carroll, 1998). In the United States curriculum today there is a lot of information
but the textbooks do not go in-depth into each subject. There should be a focus on fewer
topics to be covered but in greater detail. Focusing on fewer topics would produce a
better understanding (Mabry & Phillips, 1998). The TIMSS study also found that even
though teachers know and are aware of the need for reform, United States teachers are
less likely to implement as quickly as teachers overseas. Teachers in the United States are
less likely to implement because curricula can be time consuming and unmanageable.
Curriculum should be user friendly and convenient.
The Teaching Integrated Mathematics and Science (TIMS) project from the
University of Illinois at Chicago follows along with Principles and Standards (2000)
created by the NCTM. Math Trailblazers is the curriculum that was a produced by the
TIMS project. The Math Trailblazers curriculum is based on similar believes as the

Everyday Math where math is learned within the context of real world experiences. The
lessons inMath Trailblazers are based upon the child's daily life events. Problem solving
is a major part of the curriculum. While students solve problems they develop their skills
and procedures. Throughout the lessons, students continue to apply and build upon what
they already know. Math Trailblazers has connections to science and language arts as
well. With real world problems it is easy to integrate curriculum. Through scientific
investigations, Math Trailblazers seeks science through everyday occurrences. Math

Trailblazers connects to language arts through reading, writing, and discussing
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mathematics. Communicating and discussing what they are doing in math allows students
to increase their understanding.
Curriculum developed by TERC (previously, Technical Education Research
Centers) is the Investigations in Number, Data, and Space. This set of curriculum is
"meaning" based. The goal is to understand the concept not just the skills being taught.
The focus of Investigations in Number, Data, and Space curriculum is on mathematical
thinking and reasoning (Russell, Economopoulos, Murray, Mokros, & Goodrow, 2004).
With the Investigations in Number, Data, and Space curriculum students are actively
engaged in investigations that allow them to experience and use mathematical concepts.
Students are encouraged to find more than one way to solve an investigation or problem.
As a part of developing their own understanding of the concept students are allowed to
represent their finding in many ways such as; models, diagrams, graphs, written
discription as well as mathematically.
In a 2000 study the effects of Everyday Mathematics, Investigations in Number,

Data and Space, andMath Trailblazers were examined by the Alternatives for
Rebuilding Curriculum (ARC). The researchers surveyed school districts based on their
scores from state mandated tests. The three states included in the study were Illinois,
Massachusetts and Washington. All three states had several districts using the
curriculums Everyday Mathematics, Investigations in Number, Data and Space, and

Math Trailblazers in their classrooms. State mandated test scores of students using the
reform curricula were compared with students in more traditional schools. Students in the
schools using the reform curricula were matched to students in comparable schools where
the reformed curricula had not been put into use. To make sure the schools were
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comparable they were matched by reading scores, socioeconomic status, race and several
other variables. The above variables were used to make sure the schools resembled each
other. The cuniculum being used would then be the likely cause of any differences in
skills and abilities, if found, between the two groups. It would stand to reason that the
students in both set of schools would score similarly on the standardized tests based on
the variables. A telephone survey was used to gather the data from both types of schools.
To be eligible for the study a school that was using a reform curricula had to have full
implementation of one of the three cunicula; Everyday Mathematics, Investigations in

Number, Data and Space, and Math Trailblazers. To be considered to have full
implementation the schools had to have at least 75% of their teachers using one of the
reform curricula for at least 75% of their mathematics instruction (The Consortium for
Mathematics and Its Applications, 2003). The CUITiculum had to have been implemented
in pervious grade being tested to allow students to have two years experience with the
curriculum. More than 100,000 students participated in the study. The study used five
different grade levels to compare. In Illinois the 3rd and 5th grades were compared. The 4th
grade was compared in Massachusetts. In Washington the 3rd grade and 4th grade were
compared. Each state was compared by concepts being taught and types of questions on
their tests. The content included computation, measurement, geometry,
probability/statistics and algebra. The types of questions on the tests included open
response, short answer, multiple choice, problem solving, concepts/estimation, logic,
communicating and making connections. "Of 34 comparisons across five state grade
combinations (Illinois 3'd and 5t\ Massachusetts 4th and Washington 3rd and 4th), 28 favor
the reform students, six show no statistically significant difference, none favor the
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comparison students" (The Consortium for Mathematics and Its Applications, 2003, p 3).
The research by the ARC shows that students in classrooms using the reform cun-icula
outperformed students in traditional classrooms.
The Importance of Context
Frequently mentioned in each of the cun-icula and the studies is the importance of
context. As defined by Borasi (1986, p. 129), context is, "the situation in which a
problem is embedded". Contextual cun-icula need to make sure that the use of context is
varied, relevant to the learner, and abundant. Problems using the same context may
become less relevant to students. In contextual cun-icula a problem can be defined as the
investigation the students' are exploring not an equation, such at 2 + 2. The use of context
should be at the beginning instead of at the end of a lesson for application (Fosnot &
Dolk, 2001a; Meyer, Dekker, Querelle, 2001). When the context is at the beginning it
helps the students to construct knowledge. Appropriately used context allows for the
development of truly problematic situations instead of just using word problems (Fosnot
& Dolk, 200la; Reibert, et al., 1997). A truly problematic situation is one that is open

ended and used to support development and construct new ideas and thoughts. The
students are thinking about what they are doing instead of using steps and procedures to
an algorithm. A word problem on the other hand encourages students to use procedures
the teachers have taught (Fosnot & Dolk, 2001a). Context helps develop a better
understanding of the problem. The problem becomes real to the students and allows them
to explore and construct mathematical ideas within the situation (Fosnot & Dolk, 2001a,
2001 b ). When designing context teachers need to keep in mind the big ideas, strategies
and models students may use. By doing teacher can design contexts that students are able
EDUC/., TICl'IAL TECH\!(;!_()C -: ,:-::.:, ir
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to explore and act on, and within, the situations mathematically and allow for discussions
(Fosnot & Dolk, 2001a).
Several important questions need to be answered when using context. The first
question is what role is the context playing in both the teaching and learning? The second
is what are the characteristics teachers focus on when deciding on certain contexts?
Margaret Meyer, Truus Dekker and Nanda Querelle (2001) suggest several important
roles that context can play including motivating students, giving students a chance to
apply mathematics, being a source of new mathematics, and as a resource to find the
solution to the problem. Context is a way to set the stage or get the students interested in
the problem. If the context is relevant to the students, they become more motivated and
absorbed in the problem. Engaging materials using appropriate context allow the students
to apply what they have learned as well as examine different ways of thinking about
solutions. Eliminating the question, "When am I ever going to use this?" It gives the
students a chance to use the skills they are developing.
De Lange (as cited in Meyer, Dekker, & Querelle, 2001) recognizes three levels
that students can use context as a source of mathematics. The first level is that the
mathematical operations that need to be solved are already in the problem. The student
must critically select and extract the information to be able to solve the problem. An
example at this level may include questions that the answers are found in a data table.
The second level has the students find, organize and structure the pertinent information
within a real world problem in order to solve the problem. An example of this would be
for students' to study a certain animal and answer questions about the appearance of the
animal as well as information about where they live. They would be able to draw
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conclusions and make predications about the animals. The third level context is used as a
source of mathematics is to present and improve a math concept. Context can also
naturally give students a logical sequence of how to solve the problem. Normally this is
done through graphic representation. Context can also help students to construct
knowledge and str·ategies that will be useful in solving similar problems in the future.
When students can use pervious knowledge or strategies and are allowed to figure out
problems on their own, they see themselves as mathematicians and their comprehension
deepens (Fosnot & Dolk, 200la; 200lb). Students recall the strategies they created to
solve easier problems with similar context so the new problems become easier.
Meyers, Dekker, and Querelle (2001) also suggest characteristics of high quality
contexts. Context needs to support the math, not take over it. The math should not be lost
in the context. The context needs to be real and students need to have experienced or at
least be able to imagine the context. The context needs to be varied and not constantly
repeated. If the students see the same context over and over again they may loose interest
or become passive in their thinking. Context also needs to result in real problems to solve
that allow students to model the situation. Students' need to be able to solve and model a
real problem stated within context developed around the students' knowledge base.
Context should also be sensitive to gender and other.
Research suggests that a key idea in mathematics instruction today is being able
to support students' needs to become active participant, in the learning process to develop
understanding. Teachers need to be able to structure the learning environment so students
are able to explore, question and try out new strategies at their own level of mathematical
development. No child learns or thinks the same way. Each student's learning is unique.

24
Catherine Twomey Fosnot and Maarten Dolk (200la) suggest the idea of each child's
learning strategies and pervious knowledge as a landscape oflearning. While each
student's movement through the landscape oflearning is different, the big ideas,
strategies, and models are an indication of the students thinking and understanding
(Hersch, Cameron & Fosnot, 2004). Big ideas are the main or central ideas of
mathematics (Schifter, & Fosnot, 1993). Big ideas also represent shifts in student
thinking making big ideas essential to developing mathematics knowledge. The strategies
are the ways students develop their understanding and reach the big ideas. Models are the
representations and organization of the students thinking and ideas. By looking at their
students' thinking and level of understanding the teacher is then able to design future
problems and context for students to investigate.
Math Workshops
Teachers can develop traditional math lessons into mathematics workshops
(Fosnot & Dolk 2001a; 2001b). Mathematics workshops have three main parts to them.
The three parts include a minilesson, an investigation, and a math congress. A minilesson
is a short ten to fifteen minute period used to call attention to and develop strategies.
During the minilesson, the teacher has more of a lead role by developing problems and
highlighting strategies, and ideas to the class. The problems could be described as strings
(Fosnot & Dolk, 2001a; 2001b). Strings are a series of problems that are connected, and
emphasize the relationships and operations between them. When presenting the problems
the teacher needs to write them one at a time. Writing the problems one at a time gives
students the chance to discuss the problems (Fosnot & Dolk, 2001a). Students are able to
think about the strategies from the previous problems. They are able to see the connection
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between problems. The students are asked to solve the problems without pencil and
paper. So students use mental math strategies, really thinking about their method of
solving the problem. As the students share their thoughts and answers the teacher needs
to be careful to not say if the answer is right or wrong (Kamii & Dominick, 1998; Kamii,
Lewis & Livingston, 1993). After giving the answer the student must explain their
thinking and the procedures they used. The rest of the class is encouraged to express
agreement or disagreement in an appropriate manner. Minilessons are a way for the
teacher to introduce and encourage the use of math language. Math language allows
students to communicate their thoughts and strategies more clearly. It is important the
teachers point out when students use the appropriate math language throughout the whole
math workshop.
The investigation portion of the math workshop is a time for inquiry.
Investigations can take one class period or last for several days. "In an investigation,
students have the opportunity to explore, to work at their own levels, to raise their own
questions, and to interpret their findings in light of their own understanding" (Hersch,
Cameron & Fosnot 2004, p. x). Using investigations within a classroom allows a teacher
to differentiate student learning. The teacher is able to let students work at their own
ability levels while still focusing on the same skills and concept. Students are able to
construct and deepen their own understanding by exploring and questioning. While
developing the investigation the teacher needs to take into consideration the whole class
not only the individual students. "The context and situations must not only allow each
student to mathematize their world it must also extend and affect the mathematical ideas
of the classroom as a whole" (Hersch, Cameron & Fosnot 2004, p. x). During an
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investigation, in pairs or small groups students work together and try out different
strategies. They each contribute their own ideas. Working together the students' use
models to represent their thinking and the strategies they used. Models are
representations of relationships that have emerged from the learner. Models are what the
student knows and has created to represent what he/she has learned. Models can be
mental images, drawings, numbers, and or words (Fosnot & Dolk, 200la). During the
investigation the students are encouraged to use their own strategies to solve the
questions that developed from the investigation. Students need to be given time to
attempt different strategies and techniques (Kohn, 1999; Kamii & Dominick, 1998;
Kamii, Lewis, & Livingston, 1993; Kamii, Lewis,& Jones, 1991). By developing
strategies students not only find out how to solve the problem but, also the meaning
behind the problem and why their way worked.
While the students work together the teacher walks around and discusses what
each group is doing. In the mathematical investigations portion of the workshop the
teacher's role changes from a lead role to more of a facilitator of learning. While the
students work, the teacher is doing a diagnostic or a check to see where the students are
and what strategies they are using. The diagnostic is used to see both the students'
strengths and areas of improvement. The teacher does not provide answers but assist the
students in constructing their own learning and understanding by posing questions to each
group. Questions during mathematics workshops are what drive the learning. Teachers
ask questions to stretch and support each child's different level oflearning. Questions
highlight students' thinking and allow the teacher to see where their students are
developmentally. "Often the best questions are those that simply illuminate the learner's
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thinking" (Fosnot & Dolk 2001, p. 9). Since each student is at a different level, the
questions will change with how each student is investigating the problem. The
importance of questioning can be traced back in history to Socrates. Socrates declared
that, "after a proposition had been stated, the philosopher asked a series of questions
designed to test and refine the proposition by examining its consequences and
discovering whether it was consistent with the known facts" (Greek Philosophy, 2006).
Questions allow the learner to further examine and develop a better understanding of the
content. "To really understand, learners must work out the ideas thoroughly. They must
be able to prove relationships to themselves and to their peers" (Fosnot & Dolk 200la, p.
8). Learners need to share and discuss their ideas student to student as well as student to
teacher.
When the students finish working on the investigation and writing up their
solutions and ideas the teacher calls a math congress. A math congress is when the class
comes together to discuss the investigation. During a math congress the students
communicate and explain their ideas and solutions and even examine problems they
faced. The teacher asks several groups to share their work and explain the different
strategies they used. Since each student's developmental level is different, the strategies
used will range from basic to more advanced. The teacher chooses groups whose
strategies build upon one another. Before the math congress begins the teacher already
has an idea of which order the students will present based on the observations made
during the investigation. The teacher devises this order during the investigation part of
the workshop. As the math congress progress the teacher points out the connections
between the strategies and the efficiency of the more advanced strategies. "as teachers
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need to be able to help children understand why some strategies work and others do not
and to help them move on to advanced strategies" (Kilpatrick, Swafford & Findell, 2001,
p.169). The other students in the class ask for clarification of the strategy when there is
confusion. Similar to the investigation portion of the workshop questions are important to
the math congress. Questions allow students to explain their thinking and the strategies
they used. By explaining the strategies being used a deeper understanding occurs. During
the math congress the teacher asks students other than the presenters to restate how the
strategy worked. When a student is called upon to share their ideas and work to the class
they learn that they are respected as well as their mathematical thinking (Kliman, Russell,
Wright, & Mokros, 2004). Math congresses are a time for students to be introduced to
new and more effective strategies used by other students and encouraged are to use in the
future.
Assessment
Assessment is another important part of mathematics education. Assessment is
how the teachers get an idea of how well the class is doing on a topic. Teachers assess for
many different reasons. In the past these reasons included finding out student's strengths
and weakness, monitoring student progress, assigning grades and determining their own
instructional effectiveness (Popham, 2005). Currently there are even more reasons for
teachers to know about assessment and to assess their students. Along with the traditional
reasons three more reasons have emerged in recent years. These reasons include
clarifying teachers' instructional intentions, helping evaluate teachers, and informing the
public on student achievement (Popham, 2005). Current assessment not only identifies
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what students should need to learn but can be used as information about the school to
implement or change programs and funding.
Assessment needs to be connected to both the learning and teaching. "Freudenthal
argued that assessment should be meaningful and provide information that will benefit
the connected acted of teaching" (Fosnot & Dolk, 2001b. p 129). Assessment needs to be
significant and needs to inform instruction. De Lange (as cited in Fosnot & Dolk, 2001a;
2001 b) stated that teachers need to be able to see what their student can do, not what they
can't do. Instead of focusing on what the student has problems with it is important to look
at what they can. Assessment needs to take place in the moment. "The best and perhaps
most valid assessment happens while teaching and learning take place" (F osnot & Dolk,
2001a). There are many different types of assessment available to teachers such as
anecdotal records, portfolios, observations and traditional paper and pencil tests. In
investigations, portfolios and observations are preferred. Compiling student work into a
portfolio allows teachers to evaluate each student's growth while allowing for differences
between students (Popham, 2005). Portfolios show an individual student's improvement
and the strategies that he/she uses over time. Observations allow the teacher to assess
while the learning is taking place due to the fact that the teacher is able to watch to see
how the students solved the problem. While observing teachers can look for certain
things or the whole picture of what the student is doing (Kliman, Russell, Wright, & .
Mokros, 2004). Assessment allows the teacher to decide how to proceed in structuring
the students' environment to support learning. Assessment provides teachers with
information to identify where their students are, what they can do, and what areas they
need help.
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Teachers need to give students engaging learning opportunities by developing
math workshops based on the interest and prior knowledge of their students. If students
are able to questions, explore, connect, analyze, categorize, construct, and solve
mathematical problems they will understand not only the mathematical concept but their
own thinking. Teachers can create environments were students are actively learning
mathematics instead of working on algorithms. By understanding their students and the
progression of mathematical concepts a higher level of learning occurs in the classroom
that traditional instruction cannot achieve.
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CHAPTER III
DESIGN OF THE PROJECT
The purpose of this project was to develop a format for designing investigations
and five samples that teachers can use as a developmental resource.
Procedures
The following is an explanation of how this project came to be, how it was
developed, and ways teachers can use the investigations in their classrooms.
Creation of the Project

This project came into being after doing my student teaching in a first grade
classroom in Issaquah, Washington as well as being a student in that district. When I was
in elementary school I never felt confident in my mathematics skills or abilities. I always
wondered, when am I ever going to use this information outside of school? When I
started my student teaching I was wondering how I was going to teach these students
math when I was not confident myself as a mathematician. All of the students were at
different levels but still needed to understand the same information.
My cooperating teacher began discussing differentiated instruction with me.
Differentiated instruction is when a teacher is able to get across the same concept or big
idea but at everybody's individual skill level. A professor of mine went even further and
introduced me to teaching through investigations. Investigations assist teachers in
presenting math concepts within the context of his or her students' everyday life allowing
them to construct their own knowledge at their own ability level.
I believe that this project will provide a format that will allow students to
understand mathematics concepts and change their attitudes toward the subject of math.
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This project will allow teachers to create situations that allow students to develop their
mathematical skills and understanding. Teachers can use context and their students'
background kuowledge to create mathematical situations.
Development of the Project
The progress of this project began with the development of the purpose statement,
followed by reviewing the related literature. In the review of literature, current traditional
mathematics education was discussed, the importance of students understanding of
concepts instead of doing rote procedures was also discussed along with the importance
of context. Below is a list of topics also discussed in the review ofliterature:
I. The History of mathematics reform
II. The National Council of Teachers of Mathematics
III. Curricula Addressing Reform
IV. Math workshops
V. Assessment
The mathematical investigations in this project were created for teachers to use in
a primary elementary school classroom. Some of the concepts within the investigations
are:
I. Using counting skills to identify how many objects are in a group ;
II. Understanding numbers and ways to represent numbers;
III. Understanding relationships between numbers;
IV. Using models to represent ones thinking;
V. Creating new understanding through problem solving; and
VI. Using a variety of strategies to solve problems;
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Each investigation is a guide for teachers to tum their mathematics instructions into a
math workshop. An introduction and an explanation of each portion of a math workshop
accompanies the investigations. A resource reference of children's literature discussing
animals, zoos and math concepts is included after the introduction.

Selection of the Context
For each of the five investigations the context of animals in the zoo was
maintained. This context was chosen based on the assumption that most students have
had an interaction with an animal either at home, in their neighborhood or at a zoo. If a
student has not had an experience with animals using the children's literature suggested
at the beginning of the investigations is a good way to develop prior knowledge. The
teacher may choose to use a different context based on their students' interests and
backgrounds. The context is what really draws the student in and hooks them into the
problem. It is important that students relate to the context.

The Tasks
Allowing students to learn through investigations gives the students a chance to
develop strategies at their own ability level. The minilessons encourage students to think
about the way they solved the problems. The investigations allow the students to
construct their knowledge of counting, addition, basic multiplication and division and
problem solving strategies. The math congress gives the student a chance to explain their
thinking. The numbers and different amounts in the investigations may be changed if the
teacher sees the students struggling. The numbers and different amounts in the
investigations may also be changed to be more appropriate for different grade levels.
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CHAPTER IV
THE PROJECT
When am I Ever Going to Use This?
A Mathematics Investigation Involving Animals
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Introduction to Investigations
It is important that students are engaged in hands on and meaningful mathematics.

Meaningful mathematics can take the form of investigations. Investigations in
mathematics involve open ended learning that develops problem solving and reasoning
skills. Communication skills are involved in investigations as well. Mathematical
investigations are designed to:
•

Build on children's experiences;

•

Teach basic arithmetic as well as geometry, data analysis, measurement,
probability, and concepts of algebra;

• Challenge students with engaging and meaningful applications;
•

Connect topics within mathematics and with other subjects;

• Encourage students to solve problems in many ways;
•

Balance skills with concepts and problem solving;

•

Include a vaiiety of instruction approaches

• Help teachers extend their understanding of mathematics and teaching; and
• Provide a variety of assessment instruments and procedures .
Setting the Stage
Leaming through investigations allows students to use their background
knowledge to gain an understanding. The tasks in the following investigations are placed
in the context of animals in a zoo. To introduce the unit and math concepts the teacher
can read books from the suggested children's literature resource list on page 9. This will
allow students to have prior knowledge about animals and the mathematical concepts.
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Math Workshops

Teachers can develop traditional math lessons into mathematics workshops
(Fosnot & Dolk 2001a; 2001b). Mathematics workshops have three main parts to them.
The three parts include a minilesson, an investigation, and a math congress. A minilesson
is a short ten to fifteen minute period used to call attention to and develop strategies.
During the minilesson, the teacher has more of a lead role by developing problems and
highlighting strategies, and ideas to the class. The problems could be described as strings
(Fosnot & Dolk, 2001a; 2001b). Strings are a series of problems that are connected, and
emphasize the relationships and operations between them. When presenting the problems
the teacher needs to write them one at a time. Writing the problems one at a time gives
students the chance to discuss the problems (Fosnot & Dolk, 200la). Students are able to
think about the strategies from the previous problems. They are able to see the connection
between problems. The students are asked to solve the problems without pencil and
paper. So students use mental math strategies, really thinking about their method of
solving the problem. As the students share their thoughts and answers the teacher needs
to be careful to not say ifthe answer is right or wrong (Kamii & Dominick, 1998; Kamii,
Lewis & Livingston, 1993 ). After giving the answer the student must explain their
thinking and the procedures they used. The rest of the class is encouraged to express
agreement or disagreement in an appropriate manner.
The investigation portion of the math workshop is a time for inquiry.
Investigations can take one class period or last for several days. "In an investigation,
students have the opportunity to explore, to work at their own levels, to raise their own
questions, and to interpret their findings in light of their own understanding" (Hersch,
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Cameron & Fosnot 2004, p. x). Using investigations within a classroom allows a teacher
to differentiate student learning. The teacher is able to let students work at their own
ability levels while still focusing on the same skills and concept. Students are able to
construct and deepen their own understanding by exploring and questioning. While
developing the investigation the teacher needs to take into consideration the whole class
not only the individual students. "The context and situations must not only allow each
student to mathematize their world it must also extend and affect the mathematical ideas
of the classroom as a whole" (Hersch, Cameron & Fosnot 2004, p. x). During an
investigation, in pairs or small groups students work together and try out different
strategies. They each contribute their own ideas. Working together the students' use
models to represent their thinking and the strategies they used. Models are
representations of relationships that have emerged from the learner. Models are what the
student knows and has created to represent what he/she has learned. Models can be
mental images, drawings, numbers, and or words (Fosnot & Dolk, 200la). During the
investigation the students are encouraged to use their own strategies to solve the
questions that developed from the investigation. Students need to be given time to
attempt different strategies and techniques (Kohn, 1999; Kamii & Dominick, 1998;
Kamii, Lewis, & Livingston, 1993; Kamii, Lewis,& Jones, 1991). By developing
strategies students not only find out how to solve the problem but, also the meaning
behind the problem and why their way worked.
While the students work together the teacher walks around and discusses what
each group is doing. In the mathematical investigations portion of the workshop the
teacher's role changes from a lead role to more of a facilitator of learning. While the
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students work, the teacher is doing a diagnostic or a check to see where the students are
and what strategies they are using. The diagnostic is used to see both the students'
strengths and areas of improvement. The teacher does not provide answers but assist the
students in constructing their own learning and understanding by posing questions to each
group. Questions during mathematics workshops are what drive the learning. Teachers
ask questions to stretch and support each child's different level oflearning. Questions
highlight students' thinking and allow the teacher to see where their students are
developmentally. "Often the best questions are those that simply illuminate the learner's
thinking" (Fosnot & Dolk 2001, p. 9). Since each student is at a different level, the
questions will change with how each student is investigating the problem. The
importance of questioning can be traced back in history to Socrates. Socrates declared
that, "after a proposition had been stated, the philosopher asked a series of questions
designed to test and refine the proposition by examining its consequences and
discovering whether it was consistent with the known facts" (Greek Philosophy, 2006).
Questions allow the learner to further examine and develop a better understanding of the
content. "To really understand, learners must work out the ideas thoroughly. They must
be able to prove relationships to themselves and to their peers" (Fosnot & Doll< 2001a, p.
8). Learners need to share and discuss their ideas student to student as well as student to
teacher.
When the students finish working on the investigation and writing up their
solutions and ideas the teacher calls a math congress. A math congress is when the class
comes together to discuss the investigation. During a math congress the students
communicate and explain their ideas and solutions and even examine problems they
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faced. The teacher asks several groups to share their work and explain the different
strategies they used. Since each student's developmental level is different, the strategies
used will range from basic to more advanced. The teacher chooses groups whose
strategies build upon one another. Before the math congress begins the teacher already
has an idea of which order the students will present based on the observations made
during the investigation. The teacher devises this order during the investigation part of
the workshop. As the math congress progress the teacher points out the connections
between the strategies and the efficiency of the more advanced strategies. "as teachers
need to be able to help children understand why some strategies work and others do not
and to help them move on to advanced strategies" (Kilpatrick, Swafford & Pindell, 2001,
p.169). The other students in the class ask for clarification of the strategy when there is
confusion. Similar to the investigation portion of the workshop questions are important to
the math congress. Questions allow students to explain their thinking and the strategies
they used. By explaining the strategies being used a deeper understanding occurs. During
the math congress the teacher asks students other than the presenters to restate how the
strategy worked. When a student is called upon to share their ideas and work to the class
they learn that they are respected as well as their mathematical thinking (Kliman, Russell,
Wright, & Mokros, 2004). Math congresses are a time for students to be introduced to
new and more effective strategies used by other students and encouraged are to use in the
future.
Assessment
Assessment is another important part of mathematics education. Assessment is
how the teachers get an idea of how well the class is doing on a topic. Teachers assess for
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many different reasons. In the past these reasons included finding out student's strengths
and weakness, monitoring student progress, assigning grades and determining their own
instructional effectiveness (Popham, 2005). Currently there are even more reasons for
teachers to know about assessment and to assess their students. Along with the traditional
reasons three more reasons have emerged in recent years. These reasons include
clarifying teachers' instructional intentions, helping evaluate teachers, and informing the
public on student achievement (Popham, 2005). Current assessment not only identifies
what students should need to learn but can be used as information about the school to
implement or change programs and funding.
Assessment needs to be connected to both the learning and teaching. "Freudenthal
argued that assessment should be meaningful and provide information that will benefit
the connected acted of teaching" (Fosnot & Dolk, 2001b. p 129). Assessment needs to be
significant and needs to inform instruction. De Lange (as cited in Fosnot & Dolk, 2001a;
2001b) stated that teachers need to be able to see what their student can do, not what they
can't do. Instead of focusing on what the student has problems with it is important to look
at what they can. Assessment needs to take place in the moment. "The best and perhaps
most valid assessment happens while teaching and learning take place" (F osnot & Dolk,
2001a). There are many different types of assessment available to teachers such as
anecdotal records, portfolios, observations and traditional paper and pencil tests. In
investigations, portfolios and observations are preferred. Compiling student work into a
portfolio allows teachers to evaluate each student's growth while allowing for differences
between students (Popham, 2005). Portfolios show an individual student's improvement
and the strategies that he/she uses over time. Observations allow the teacher to assess
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while the learning is taking place due to the fact that the teacher is able to watch to see
how the students solved the problem. While observing teachers can look for certain
things or the whole picture of what the student is doing (Kliman, Russell, Wright, &
Mokros, 2004). Assessment allows the teacher to decide how to proceed in structuring
the students' environment to support learning. Assessment provides teachers with
information to identify where their students are, what they can do and what areas they
need help.
Definition of Terms
Assessment- A formal attempt to determine a student's status with respect to an
educational variable of interest. (Popham, 2005)
Big Ideas- the central, organizing ideas of mathematics principles that define
mathematical order (Schifter & Fosnot, 1993).
Investigation- setting up relationships, searching for patterns, constructing models, and
proposing conjectures and proving them. (Fosnot & Dolk, 2001a)
Landmark Number- Numbers that are easy for students to use and understand (Fosnot &
Doll<, 200lb).
Math Congress- students communicate and defend their ideas, solutions, problems,
proofs, and conjectures with one another (Fosnot & Dolk, 2001a).
Mini Lesson- A short ten- or fifteen-minute lesson to highlight certain strategies and to
develop efficient mental math computation (Fosnot & Dolk, 2001a).
Models- Representations of relationships that student mathematicians have constructed.
Models can be mental images, drawings, numbers and words etc. (Fosnot & Dolk, 2001a)
Strategies- The process students use to solve problems (Fosnot & Doll<, 2001a).

8

Strings- Structured series of problems that are related in such a way as to develop and
highlight number relationships and operations (Fosnot & Doll<, 200la p. 127; 200lb p.
105).
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Children's Literature

A Remainder of One by Elinor Pinczes
Animalia by Graeme Base
Anno's Mysterious Multiplying Jar by Mitsumasa Anno
Baby Elephant By Julie Shively
Baby Flamingo by Patricia Pingry
Baby Panda by Patricia Pingry
Brown Bear, Brown Bear, What Do You See by Bill Martin
Curious George Visits the Zoo by Margret Rey
Elephant by Caroline Arnold
G is for Googol: A Math Alphabet Book by David M. Schartz
Grapes of Math by Greg Tang
Kenneth Lilly's Animals: A portfolio of paintings by Joyce Pepe
Little Panda: the world welcome Hua Mei at the San Diego Zoo by Joanne Ryder and
World-Famous San Diego Zoo
Marvelous Math: A Book of Poems by Lee Bennett Hopkins
Math Curse by Jon Scieszka
Math for All Seasons by Greg Tang
Math-temieces by Greg Tang
Never, Ever Shout in a Zoo by Karma Wilson and Douglas Cushman
One Hundred Hungry Ants by Elinor Pinczes
Panda by Caroline Arnold
Polar Bear, Polar Bear, What Do You See by Bill Martin
Probably Pistachio by Stuart J. Murphy
Roosters Off to See the World by Eric Carle
The Eleventh Hour by Graeme Base
The Jungle Book by Rudyard Kipling
The Story of Doctor Dolittle by Hugh Lofting
The Very Hungry Caterpillar by Eric Carle
The Voyages of Doctor Dolittle by Hugh Lofting
Zoo by Gail Gibbons
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InveStigation 1TaKing Inventory Of Animals in -the Classroom
Introduetion:
Understanding numbers and the logical relationship between them is a key
element in mathematical development. The idea of counting is the main concept of
number sense and our number system. Students need to be able to understand the
connection between number words and the amount of objects being counted. Students
also need to be able to represent numbers either with pictures, symbols or words.

Wha-c: happens in -the 1esson:
This lesson allows the students to have a hands-on experience by counting how
many plastic animals are in the tubs. The students will be taking an inventory of how
many animals are in a zoo. The big ideas of this lesson include one-to-one
correspondence, cardinality and unitizing. One-to-one correspondence is when the
student says the correct number name in conjunction with the object being counted.
Cardinality is the idea that the last number counted represents the whole amount counted.
Unitizing is the idea that a group is a unit and that ''the unit" can be used to count more
efficiently.

11

Materials:
Teacher will need:
• String of problems for minilesson
•

Checklist for diagnostic

•

White board and markers

Students will need:
• Tub of zoo animals
•

Choose of writing implement

•

Large sheet of butcher paper

Objectives: After completing this investigation the students will be able to:
-use one-to-one correspondence to count objects;
-use landmark numbers while counting;
-use strategies to organize sets of objects (so they are easy to count),
-identify how many objects is in the set;
-connect number words and numerals to the quantities they represent;
-develop and use various strategies for computations;
-use multiple models to represent their work;
-explain the method they used.

Investigation Question:
How many animals are in the zoo (aka: tubs)?

l/Jhat to prepare before hand:
Before the lesson starts you will need to divide the plastic animals up into tubs.
Each tub should have between 20 and 40 animals. Cut butcher paper into large sheets
enough for at least 10 groups. Create the chait for grouping the students.

12

MinilessonString of problems- Before starting the investigation it is important to give the
students problems similar to ones they will be facing in the investigation. This minilesson
focuses on counting by tens, doubles, and uses near doubles. The &tudents will be asked
to solve the following problems. Once the student has a solution, they are to give a signal
to the teacher by quietly raising their hand. The teacher needs to give the class a few
minutes to solve the problem on their own before asking for solutions. The teacher will
ask for a solution and for the student to explain how they reached their answer. An easy
way to encourage the students to explain their thinking is to ask, "How did you get
____?". If the answer is incorrect, this allows the student to self correct and see their
error. If the answer is correct, it allows them to understand why it is correct.
10 + 10
10 + 9
10 + 15
11+15
11+14
25 +25

rEACffE'R. N<9rEThe teacher needs to write one problem at a time. Writing the problems one at a
time gives students the chance to think about and discuss the problems. Students are able
to think about the strategies from the previous problems. They are able to see the
"strings" connection between problems.

13

Story SetupTo start the investigation have all of the students assembled as a large group in the
front of the room. Tell the students the initial problem.
A zookeeper from.a1o~al.zoo needs our dasses help. The zookeeper needs us
to help him figure out how many animals are in the zoo. The zookeeper has given
our class tubs with the same amount of animals in the zoo. Each group will need to
figure out how many animals are in each tub. Once each group has figured out how
many they have in their own tub, we will add up the total from all of the tubs to find
out how many animals are in the zoo altogether.
Every group is going to use different strategies to figure out how many animals
are in the tubs. Encourage this by discussing that there are several ways to solve the
problem.
Class as you know there are many ways of working out problems. Does any
one have any ideas on how we could figure out how many animals are in the zoo?
We will be using large sheets of butcher paper to write our ideas and strategies
down. This will help us remember what we did to figure out the problem. When
each group has a total for their tub of animals I would like you to bring your paper
up to the front. Once every group has completed counting we will have a math
congress to share our ideas.

TEACfff'R N<9TE- Setting up the groups
To group the students into their pairs create a chart with the names of all the
students in the class along with colors next to them. Call the students up four at a time to

14
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find his or her name and color. They must then find the name of their classmate with the
matching color. Give the students a friendly reminder of the classroom rules pertaining to
working with partners. Have them describe how working with partners will look and how
the room will sound while they work. Let the students know that they do not have to
work at their desks they may use the floor to count their animals. Once they have found
their partner invite the students to find the tub with the corresponding color and their own
space to work on the task at hand.

The student is discussing the animals in the zoo and ways to count them.
The math string from the minilesson is visible on the board.

Please note: Content on this page was redacted due to FERPA concerns.
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InvestigationMake sure each group has their own tub of animals. Allow the students to work
and spread out their animals. The students can use any strategy to count the amount of
animals as long as they understand what they are doing and can explain it to others,
During the investigation the teacher walks around to discuss and ask questions to each
group.
Ask the groups questions likeo

How many animals do you have so far?

o

How do you know there are _ _ _ _ _ animals?

o

Show me how you know that there are _ __

o

Let us put that down on paper so you don't forget what you did and
you can share it later.

o

What numbers did you use?

o

Is there any other way we could count the animals?

o

What else did you notice?

TEACHER NOTE- While the students are working the teacher must do a
diagnostic on the students. Walk around and examine the strategies the students are
using. Use the checklist in the assessment section. Using this checklist will help you
make decisions on who and in what order will present in the math congress.

(

16
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The student is counting by ones to figure out the total amount of animals.

The student is writing down the groups of 3 's he counted. He counted each group of 3 by
ones.

Please note: Content on this page was redacted due to FERPA concerns.
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Math CongressTeachers Role- Signal the students that it is time to come together as a group at
the front of the room. Invite several groups to share their strategies and ideas. It is
important to have the groups share their ideas in an order that will build upon each other.
The order of the groups will depend on what the teacher observed during the
investigation. Some strategies the students may use could include counting by ones,
counting in groups and skip counting. The teacher will ask other students to paraphrase
the strategy that the group used to make sure that all students understand. During the
math congress the teacher points out the connections between the strategies that the
groups used. As each of the group's strategies build on one another the teacher must also
point out the effectiveness of the more advanced strategies. The teacher needs to ask
questions like:
o

How many animals did you count in your tub, how did you get that
number?

o What strategy did you use to count?
o

On yonr chart, I

see---~

can you explain what yon did?

o Did any group use a strategy similar to this?
o

Did any group use a strategy different to this one?

o Who can explain how (name) did this problem?
o What else did you notice?

Students Role- During a math congress the students present and defend their
ideas. Each group must explain what they did to solve the problem. Once they have

18
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explained their strategy the other students should ask the presenting group members
questions to clarify their understanding of the strategy.

Student discussing the totals he got each time he counted.

AssessmentTeachers need to use assessment to inform their instruction. During the
investigation the teacher uses their observation skills to asses their students. While the
students are working on the investigation the teacher must walk around and interact with
each group. The teacher needs a way to record what each group/ student is doing. An
easy way to do this is by creating a checklist that includes; the students' names, the
strategies they are using, the big ideas in the investigation, and how the students are
representing or modeling their work. Compiling student work into a portfolio is another
way that teachers can assess. Portfolios show the students' improvement and the
strategies that they use.

Please note: Content on this page was redacted due to FERPA concerns.
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Follow up activities Here are some suggestions to take this investigation even further to deepen the
students understanding of the big ideas.
Have the students switch tubs to check the other groups totals.
Have the students sort their animals into as many different groups as they can to
create different sets of animals. It does not matter how they group them as long as
they can explain their criteria for sorting.
Have the students graph the different groups of animals they made.
Have the students take the tubs to another classroom of either the same grade
level or different grade level. Have the students explain the problem and figure
out the total with a student from the other classroom.
Take out some animals from each of the tubs. Tell the students that some of the
animals have run away. Have the students find out how many animals are missing
from each of their tubs.

Student counting how many animals were hidden.

(_
Please note: Content on this page was redacted due to FERPA concerns.

21

(

InveStigation 2-

'

Elephant Feet Washing
In1:roduetion:
Understanding numbers and the logical relationship between them is a key
element in mathematical development. The idea of counting is the main concept of
number sense and onr number system. Counting one-by-one is an effective way to count
but can be very time consnrning. Students need to be able to develop more effective
counting strategies. Students need to be able to understand the connection between
number words and the amount of objects being counted. Students also need to be able to
represent numbers either with pictures, symbols or words.

Wha1: happens in 1:he lesson:
This lesson allows the students to have a hands-on experience by fignring out the
total amount of elephant feet when given the number of elephants. The students will be
totaling the number of elephant feet the zoo keeper will have to wash. The big ideas of
this lesson include one-to-one correspondence, repeated addition, cardinality and
unitizing. One-to-one correspondence is when the student says the correct number name
in conjunction with the object being counted. Repeated addition is when students use a
friendly number to add groups of numbers at a time. Cardinality is the idea that the last
number counted represents the whole amount counted. Unitizing is the idea that a group
is a unit and that "the unit" can be used to count more efficiently.

22

Materials:
Teacher will need:
•
•
•

Students will need:

String of problems for minilesson
Checklist for diagnostic
White board and markers

•
•
•

A tub ofunifix cubes
Choice of writing materials
Large sheet of butcher paper

Objectives: After completing this investigation the students will be able to:
- use repeated addition of smaller groups to count the total;
-use strategies to organize, group, sets of objects (so they are easy to count),
-identify how many objects are in the set;
-connect number words and numerals to the quantities they represent;
-develop and use various strategies for computations;
-use multiple models to represent their work;
-explain the method they used.

Investigation Question:
How many elephant feet will the zoo keeper have to wash if he has 6 adult
elephants and 4 baby elephants?

VI/hat to prepare before hand:
Before the lesson starts you will need to make sure there are more than enough
unifix cubes for each pair in tubs. Each tub should have over 40 cubes. Cut butcher paper
into large sheets enough for at least 10 groups. Create the chart for grouping the students.

23

Mini lessonString of problems- Before starting the investigation it is important to give the
students problems similar to ones they will be facing in the investigation. This minilesson
focuses on counting by tens. The students will be asked to solve the following problems.
Once the student has a solution, they are to give a signal to the teacher by quietly raising
their hand. The teacher needs to give the class a few minutes to solve the problem on
their own before asking for solutions. The teacher will ask for a solution and for the
student to explain how they reached their answer. An easy way to encourage the students
to explain their thinking is to ask, "How did you get ____?". If the answer is
incorrect, this allows the student to self correct and see their error. If the answer is
correct, it allows them to understand why it is correct.

20 + 10
20+9
20+20
20+19
29+10
28 + 10

IEACffER NO/£The teacher needs to write one problem at a time. Writing the problems one at a
time gives students the chance to think about and discuss the problems. Students are able
to think about the strategies from the previous problems. They are able to see the
"strings" connection between problems.

24

Story SetupTo start the investigation have all of the students assembled as a large group in the
front of the room. Tell the students the initial problem.

A zookeeper from a local zoo needs our classes help. The elephant keeper
needs to wash the elephants. He is wondering how many feet he is going to have to
wash. He tried to count them but the elephants would not stand still and he forgot
which ones he had counted. At the zoo they have 6 adult elephants and 4 baby
elephants. How many elephant feet does the keeper have to wash. First I would like
to know how feet does each elephant have?
Every group is going to use different strategies to figure out how many animals
are in the tubs. Encourage this by discussing that there are several ways to solve the
problem.

Class as you know there are many ways of working out problems. Does any
one have auy ideas on how we could figure out how elephant feet their are? We will
be nsing large sheets of butcher paper to write our ideas and strategies down. This
will help us remember what we did to figure out the problem. I have tools such as
unifix cubes to help us count if you need them. When each group has a total for how
many feet we will have, I would like you to bring your paper up to the front. Once
every group has completed working, we will have a math congress to share our
ideas.

25

TEACtfER Nc:JTE- Setting up the groups
To group the students into their pairs create a chart with the names of all the
students in the class along with colors next to it. Call the students up four at a time to find
his or her name am! Golor, They must then find the name of their Glassmate with the
matching color. Give the students a friendly remind of the classroom rules of working
with partners. Have them describe how working with partners will look and how the
room will sound while they work. Let the students choose which table they are going to
work at. Once they have found their partner invite the students to find the tub of unifix
cubes with the corresponding color and their own space to work on the task at hand.

26

InvestigationMake sure each group has their own tub of cubes. Allow the students to work and
spread out their cubes. The students can use any strategy to count the amount of feet as
long as they understand what they are doing and can explain it to others. During the
investigation the teacher walks around to discuss and ask questions to each group.
Ask the groups questions like-

o How many feet will the zoo keeper have to wash?
o How do you know there are _ _ _ _ _ feet?
o Show me how you know that there are _ __
o Let us put that down on paper so you don't forget what you did and
you can share it later.
o What numbers did you use?
o What else did you notice?

TEACff.E'R NOTE- While the students are working the teacher also must do a
diagnostic on the students. Walk around and examine the strategies the students are
using. Use the checklist in the assessment section. Using this checklist will help you
make decisions on who and in what order will present in the math congress.

27

Math CongressTeachers Role- Signal the students that it is time to come together as a group at
the front of the room. Invite several groups to share their strategies and ideas. It is
important to have the groups share their ideas in an order that will build upon each other.
The order of the groups will depend on what the teacher observed during the
investigation. Some strategies the students may use could include counting by ones,
counting in groups and skip counting. The teacher will ask other students to paraphrase
the strategy that the group used to make sure that all students understand. During the
math congress the teacher points out the connections between the strategies that the
groups used. As each of the group's strategies build on one another the teacher must also
point out the effectiveness of the more advanced strategies. The teacher needs to ask
questions like:
o How many elephant feet will the zoo keeper have to wash?
o What strategy did you use to count the number of feet?
o

On your chart, I see ____, can you explain what you did?

o Did any group use a strategy similar to this?
o Did any group use a strategy different to this one?
o Who can explain how (name) did this problem?
o What else did you notice?
Students Role- During a math congress the students present and defend their
ideas. Each group must explain what they did to solve the problem. Once they have
explained their strategy the other students should ask the presenting group members
questions to clarify their understanding of the strategy.

28

AssessmentTeachers need to use assessment to inform their instruction. Dming the
investigation the teacher uses their observation skills to asses their students. While the

students are working on the investigation the teacher must walk around and interact with
each group. The teacher needs a way to record what each group/ student is doing. An
easy way to do this is by creating a checklist that includes; the students' names, the
strategies they are using, the big ideas in the investigation, and how the students are
representing or modeling their work. Compiling student work into a portfolio is another
way that teachers can assess. Portfolios show the students improvement and the strategies
that they use.
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Follow up activities Here are some suggestions to take this investigation even further to deepen the
students understanding of the big ideas.
Have the students find the total nnmher of feet when another amount of
elephants is added.
Have the students figure out the amount of ears, tails, toenails and other
elephant characteristics that the zookeeper will have to wash.
Have the students figure out how many footprints would be made ifthe
elephant took a certain amount of steps.
Have the students figure out how many feet and hands the class has as a
total.
Have the students take the problem to another classroom of either the
same grade level or different grade level. Have the students explain the
problem and figure out the total with one other student from the other
classroom .

31
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InveStigation 3flamingo Legs
In-t:rod uetion:
Understanding numbers and the logical relationship between them is a key
element in mathematical development. The idea of counting is the main concept of
number sense and our number system. Counting one-by-one is effective but very time
consuming. Students need to be able to develop more effective counting strategies.
Students need to be able to understand the connection between number words and the
amount of objects being counted. Students also need to be able to represent numbers
either with pictures, symbols or words.

Wha-t: happens in -t:he 1esson:
This lesson allows the students to have a hands-on experience by counting how
many flamingo legs there are in a picture. The students will be using a picture of a group
of flamingos to learn to skip count and group numbers. The big ideas of this lesson
include one-to-one correspondence, skip counting, grouping, cardinality and unitizing.
One-to-one correspondence is when the student says the correct number name in
conjunction with the object being counted. Skip counting is when the students use
landmark numbers to count more efficiently. Cardinality is the idea that the last number
counted represents the whole amount counted. Unitizing is the idea that a group is a unit
and that the unit can be used to count more efficiently.

32

Materials:
Teacher will need:

•
•
•

•

Students will need:

String of problems for minilesson
Checklist for diagnostic
White board and markers
Large photo of a group of
flamingos (see page 35)

•
•
•

Unifix cubes
Choice of writing materials
Large sheet of butcher paper

Objectives: After completing this investigation the students will be able to:
-use landmark numbers while counting (skip counting by 2, 4 etc.);
- use repeated addition of smaller groups to count the total;
-identify how many objects are in a set;
-connect number words and numerals to the quantities they represent;
-develop and use various strategies for computations;
-use multiple models to represent their work;
-explain the method they used.

Investigation Question:
How many feet altogether does the group of flamingos have?

Ylhat to prepare before hand:
Before the lesson starts you will need to find a photo of a group of flamingos.
There should be at least 12 or more flamingos in the photo. Cut butcher paper into large
sheets enough for at least 10 groups. Create the chart for the groups.

33
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Please note: Content on this page was redacted due to copyright concerns.
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MinilessonString of problems- Before starting the investigation it is important to give the
students problems similar to ones they will be facing in the investigation. This minilesson
focuses on adding doubles and near doubles. The students will be asked to solve the
following problems. Once the student has a solution, they are to give a signal to the
teacher by quietly raising their hand. The teacher needs to give the class a few minutes to
solve the problem on their own before asking for solutions. The teacher will ask for a
solution and for the student to explain how they reached their answer. An easy way to
encourage the students to explain their thinking is to ask, "How did you get

?".

If the answer is incorrect, this allows the student to self correct and see their error. If the

answer is correct, it allows them to understand why it is correct.

7+7
7+8
15 + 15
14 + 15
12 + 12
13+12

T'EACtlER N<9T'EThe teacher needs to write one problem at a time. Writing the problems one at a
time gives students the chance to think about and discuss the problems. Students are able
to think about the strategies from the previous problems. They are able to see the
connection between problems.

35

Story SetupTo start the investigation have all of the students assembled as a large group in the
front of the room. Tell the students the initial problem.
A zookeeperfrnm a local zoo needs. our. clas.s.es. help.The zookeeper.neerls. us.
to help him figure out how many feet that the group of flamingos at the zoo has. The
flamingos are always standing on one foot, or have their feet under water so he can
never count them all. The zookeeper has given our class a picture of his flamingos
and was hoping that we conld help him count the total number of flamingo feet.
Each group will get to help count how many flamingo feet there are.
Every group is going to use different strategies to figure out how many animals
are in the tubs. Encourage this by discussing that there are several ways to solve the
problem.
Class as you know there are many ways of working out problems. Does any
one have any ideas on how we could figure out how many flamingo feet we have?
What do we need to know first? (hopefully the students will say the number of
flamingos, or the number of feet one flamingo has). We will be using large sheets of
butcher paper to write our ideas and strategies down. This will help us remember
what we did to figure out the problem. When each group has a total for their tub of
animals I would like you to bring your paper up to the front. Once every group has
completed counting we will have a math congress to share our ideas.

36

rEACffE'R NVrE- Setting up the groups
To group the students into their pairs create a chart with the names of all the
students in the class along with colors next to them. Call the students up four at a time to

find his gr her name and cgJgr, They must then find the name of their classmate with the
matching color. Give the students a friendly reminder of the classroom rules pertaining to
working with partners. Have them describe how working with partners will look and how
the room will sound while they work. Let the students know that they do not have to
work at their desks they may use the floor to count their animals. Once they have found
their partner invite the students to find the tub with the corresponding color and their own
space to work on the task at hand.
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InvestigationMake sure each group has their chart paper, unifix cubes and writing implement.
Allow the students to work and spread out on the desks or floors. The students can use
any strategy to count the amount of flamingo feet as long as they understand what they
are doing and can explain it to others. The students may use unifix cubes to help count.
During the investigation the teacher walks around to discuss and ask questions to each
group.
Ask the groups questions like-

o How many flamingos are in the picture?
o How do you know there are _ _ _ _ _ flamingos?
o

How many feet did you count?

o

Show me how you know that there are

o

Let us put that down on paper so you don't forget what you did and

feet.

you can share it later.
o What numbers did you use?
o What else did you notice?
While the students are working the teacher also must do a diagnostic on the students. Use
the checklist in the assessment section. Using this checklist will help you make decisions
on whom and what order will present in the math congress.
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Math CongressTeachers Role- Signal the students that it is time to come together as a group at
the front of the room. Invite several groups to share their strategies and ideas. It is
important to have the groups share their irleas in an orrler that will huilrl upon each other.
The order of the groups will depend on what the teacher observed during the
investigation. Some strategies the students may use could include counting by ones,
counting in groups and skip counting. The teacher will ask other students to paraphrase
the strategy that the group used to make sure that all students understand. During the
math congress the teacher points out the connections between the strategies that the
groups used. As each of the group's strategies build on one another the teacher must also
point out the effectiveness of the more advanced strategies. The teacher needs to ask
questions like:
o
o
o
o
o
o
o
o

How many flamingos are in the photo?
How many flamingo feet did you count, how did you get that number?
What strategy did you use to count?
On your chart, I see
, can you explain what you did?
Did any group use a strategy similar to this?
Did any group use a strategy different to this one?
Who can explain how (namoe) did this problem?
What else did you notice?

Students Role- During a math congress the students present and defend their
ideas. Each group must explain what they did to solve the problem. Once they have
explained their strategy the other students should ask the presenting group members
questions to clarify their understanding of the strategy.
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Assessment·
Teachers need to use assessment to inform their instruction. During the
investigation the teacher uses their observation skills to asses their students. While the

students are working on the investigation the teacher must walk around and interact with
each group. The teacher needs a way to record what each group/ student is doing. An
easy way to do this is by creating a checklist that includes; the students' names, the
strategies they are using, the big ideas in the investigation, and how the students are
representing or modeling their work. Compiling student work into a portfolio is another
way that teachers can assess. Portfolios show the students improvement and the strategies
that they use.
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Follow up activities Here are some suggestions to take this investigation even further to deepen the
students understanding of the big ideas.
Have the students count the n\llll~r of kgs in the water if hruf the
flamingos were standing on one foot.
Have the students count the number of legs for a larger number of
flamingos.
Have the students count how many feet/legs they have as a class.
Have the students create a graph with the number of flamingos and the
number of legs to show the pattern of doubling.
Have the students take the picture to another classroom of either the same
grade level or different grade level. Have the students explain the problem
and figure out the total with a student from the other classroom.
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InveStigation q.Bananas and MonKeys
In1:rodUetion:
Understanding numbers and the logical relationship between them is a key
element in mathematical development. The idea of counting is the main concept of
number sense and our number system. The students may use different counting strategies
when dealing with whole and part relationships. This may include counting the groups
and then the whole or using a guess and check method. Both of these strategies build up
from the group to the whole. Students need to be able to understand the connection
between number words and the amount of objects being counted. Students also need to be
able to represent numbers either with pictures, symbols or words.

Wha1: happens in 1:he lesson:
This lesson allows the students to have a hands-on experience by counting how
many bananas each monkey in the zoo will get. The students will be figuring out how
many bananas each monkey will get if there are 18 bananas and 6 monkeys. The big
ideas of this lesson include whole-part relationships, repeated addition, cardinality, and
unitizing. Whole-part relationships is the idea that the student can take the whole group
and break it down into smaller parts. Repeated addition is when a student uses a friendly
number to add groups of numbers at a time. Cardinality is the idea that the last number
counted represents the whole amount counted. Unitizing is the idea that a group is a unit
and that the unit can be used to count more efficiently.
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Materials:
Teacher will need:

•

•
•

Students will need:

String of problems for minilesson
Checklist for diagnostic
White board and markers

• A tub of unifix cubes
• Choice of writing materials
• Large sheet of butcher pape

Objectives: After completing this investigation the students will be able to:
-use repeated addition to count objects;
-break a number into smaller amounts;
-use landmark numbers while counting;
-use strategies to organize, group, sets of objects (so they are easy to count),
-identify how many objects are in the set;
-connect number words and numerals to the quantities they represent;
-develop and use various strategies for computations;
-use multiple models to represent their work;
-explain the method they used.

Investigation Question:
How many bananas will each monkey get if there are 18 bananas but only 6
monkeys?

\Vhat to prepare before hand:
Before the lesson starts you will need to divide unifix cubes up into tubs. Each tub
should have around 20. Cut butcher paper into large sheets enough for at least 10 groups.
Create the chart for grouping the students.
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Mini lessonString of problems- Before starting the investigation it is important to give the
students problems similar to ones they will be facing in the investigation. This minilesson
focuses on skip.cmmting hyl O.'s and.other friendly numbers. The students will be asked
to solve the following problems. Once the student has a solution, they are to give a signal
to the teacher by quietly raising their hand. The teacher needs to give the class a few
minutes to solve the problem on their own before asking for solutions. The teacher will
ask for a solution and for the student to explain how they reached their answer. An easy
way to encourage the students to explain their thinking is to ask, "How did you get

____?". If the answer is incorrect, this allows the student to self correct and see their
error. If the answer is correct, it allows them to understand why it is correct.

10 + 30
15 + 20
20+40
25 + 10
25 + 15
30 + 15

TEACtfE'R NorrThe teacher needs to write one problem at a time. Writing the problems one at a
time gives students the chance to think about and discuss the problems. Students are able
to think about the strategies from the previous problems. They are able to see the
"strings" connection between problems.
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Story SetupTo start the investigation have all of the students assembled as a large group in the
front of the room. Tell the students the initial problem.

A ZQQkeeper from a local zoo needs our classes help. The zookeeper needs us
to help him figure out how many bananas he needs to give his monkeys. The
zookeeper has 18 bananas but only 6 monkeys. I have put some unifix cubes in tubs
for each group to use to help solve the problem if you need them. The groups will
need to figure out how many bananas each monkey will get.
Every group is going to use different strategies to figure out how many animals
are in the tubs. Encourage this by discussing that there are several ways to solve the
problem.

Class as you know there are many ways of working out problems. Does any
one have any ideas on how we could figure out how many bananas each monkey will
get? What do we need to know to figure this out? We will be using large sheets of
butcher paper to write our ideas and strategies down. This will help us remember
what we did to figure out the problem. When each group has a total for their
bananas I would like you to bring your paper up to the front. Once every group has
completed the investigation we will have a math congress to share our ideas.

TEACHER NOTE- Setting up the groups
To group the students into their pairs create a chart with the names of all the
students in the class along with colors next to them. Call the students up four at a time to
find his or her name and color. They must then find the name of their classmate with the
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matching color. Give the students a friendly reminder of the classroom rules pertaining to
working with partners. Have them describe how working with partners will look and how
the room will sound while they work. Let the students know that they do not have to
work at their desks they may use the floor to count their animals. Once they have found
their partner invite the students to find the tub with the corresponding color and their own
space to work on the task at hand.
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InvestigationMake sure each group has their own tub of unifix cubes. Allow the students to
work and spread out their animals. The students can use any strategy to count the amount

Qf animals as JQng as they understand what they are doing and can explain it to others.
During the investigation the teacher walks around to discuss and ask questions to each
group.
Ask the groups questions like-

o How many bananas will each monkey get?
o How do you know they will each get _ _ _ _ _ bananas?
o Show me how you know that each monkey will get _ _ _ bananas.
o Let us put that down on paper so you don't forget what you did and
you can share it later.
o What numbers did you use?
o What else did you notice?

IEACtlER NO/E- While the students are working the teacher also must do a
diagnostic on the students. Walk around and examine the strategies the students are
using. Use the checklist in the assessment section. Using this checklist will help you
make decisions on who and in what order will present in the math congress.
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Math CongressTeachers Role- Signal the students that it is time to come together as a group at
the front of the room. Invite several groups to share their strategies and ideas. It is

important to have the groups share their ideas in an order that will build upon each other.
The order of the groups will depend on what the teacher observed during the
investigation. Some strategies the students may use could include counting by ones,
counting in groups and skip counting. The teacher will ask other students to paraphrase
the strategy that the group used to make sure that all students understand. During the
math congress the teacher points out the connections between the strategies that the
groups used. As each of the group's strategies build on one another the teacher must also
point out the effectiveness of the more advanced strategies. The teacher needs to ask
questions like:
o How many bananas will each monkey get, how did you get that number?
o What strategy did you use?
o On your chart, I see ____, can you explain what you did?
o Did any group use a strategy similar to this?
o Did any group use a strategy different to this one?
o Who can explain how (name) did this problem?
o What else did you notice?

Students Role- During a math congress the students present and defend their
ideas. Each group must explain what they did to solve the problem. Once they have
explained their strategy the other students should ask the presenting group members
questions to clarify their understanding of the strategy.
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Assessment·
Teachers need to use assessment to inform their instruction. During the
investigation the teacher uses their observation skills to asses their students. While the
students are working on the investigation the teacher must walk around and internet with
each group. The teacher needs a way to record what each group/ student is doing. An
easy way to do this is by creating a checklist that includes; the students' names, the
strategies they are using, the big ideas in the investigation, and how the students are
representing or modeling their work. Compiling student work into a portfolio is another
way that teachers can assess. Portfolios show the students improvement and the strategies
that they use.
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Follow up activities Here are some suggestions to take this investigation even further to deepen the
students understanding of the big ideas.
Have students figure out the totals for different amounts of monkeys or bananas.
Have the students figure out the amount of food for another animal.
Have the students figure out how many bananas (or other type of food) the class
would need if they each got a certain amount.
Have the students take the banana problem to another classroom of either the
same grade level or different grade level. Have the students explain the problem
and figure out the total with a student from the other classroom.
Have the students figure out how many bananas would be eaten in a day, week or
month if the monkeys have three feeding time.

52

(

InveStiga1:ion 5How tnanY catS can fi-t?
Introduetion:
Understanding numbers and the logical relationship between them is a key
element in mathematical development. The idea of counting is the main concept of
number sense and our number system. The students may use different counting strategies
when dealing with whole and part relationships. This may include counting the groups
and then the whole or using a guess and check method. Both of these strategies build up
from the group to the whole. Students need to be able to understand the connection
between number words and the amount of objects being counted. Students also need to be
able to represent numbers either with pictures, symbols or words.

What happens in the 1esson:
This lesson allows the students to have a hands-on experience by counting how
many cages he is going to need if he has 9 leopards. The students will be figuring out
how many cages the zookeeper will need if only 2 leopards can fit into each cage. The
big ideas of this lesson include whole-part relationships, repeated addition, cardinality,
and unitizing. Whole-part relationships is the idea that the student can see the whole
group and be able to break it down into smaller parts. Repeated addition is when a
student uses a friendly number to add groups of numbers at a time. Cardinality is the idea
that the last number counted represents the whole amount counted. Unitizing is the idea
that a group is a unit and that the unit can be used to count more efficiently.

(
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Materials:
Teacher will need"

•
•

•

Students will need:

String of problems for minilesson
Checklist for diagnostic
White board and markers

•

•
•

A tub of unifix cubes
Choice of writing materials
Large sheet of butcher paper

Objectives: After completing this investigation the students will be able to:
-use repeated addition to count objects;
-use doubling strategies to count
-break a number into smaller amounts;
-use landmark numbers while counting;
-use strategies to organize, group, sets of objects (so they are easy to count),
-identify how many objects are in a set;
-connect number words and numerals to the quantities they represent;
-develop and use various strategies for computations;
-use multiple models to represent their work;
-explain the method they used.

Investigation Question:
How many cages will the zookeeper need ifhe had 9 leopards and only two can
go in each cage?

\Vhat to prepare before hand:
Before the lesson starts you will need to divide unifix cubes up into tubs. Each tub
should have around 10. Cut butcher paper into large sheets enough for at least 10 groups.
Create the chart for the groups.
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MinilessonString of problems- Before starting the investigation it is important to give the
students problems similar to ones they will be facing in the investigation. This minilesson
focuses on repeated addition using friendly numbers. The students will be asked to solve
the following problems. Once the student has a solution, they are to give a signal to the
teacher by quietly raising their hand. The teacher needs to give the class a few minutes to
solve the problem on their own before asking for solutions. The teacher will ask for a
solution and for the student to explain how they reached their answer. An easy way to
encourage the students to explain their thinking is to ask, "How did you get

?".

If the answer is incorrect, this allows the student to self correct and see their error. If the
answer is correct, it allows them to understand why it is correct.

6+6
12+ 6
18 + 6
18 + 12
24+ 10

24+9

TtACffE'R. N<97tThe teacher needs to write one problem at a time. Writing the problems one at a
time gives students the chance to think about and discuss the problems. Students are able
to think about the strategies from the previous problems. They are able to see the
"strings" connection between problems.
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Story SetupTo start the investigation have all of the students assembled as a large group in the
front of the room. Tell the students the initial problem.
A zookeeper from a local zoo needs our.classes help. The zookeeper needs ns
to help him figure out how many cages he will need for 9 leopards. Only two
leopards can fit into one cage. I have put some unifix cubes in tubs for each group to
use to help solve the problem if you need them. Each group will need to figure out
how many cages the zookeeper will need.
Every group is going to use different strategies to figure out how many animals
are in the tubs. Encourage this by discussing that there are several ways to solve the
problem.
Class as you know there are many ways of working out problems. Does any
one have any ideas on how we could figure out how many cages the zookeeper will
need? We will be using large sheets of butcher paper to write our ideas and
strategies down. This will help us remember what we did to figure out the problem.
When each group has a total for their bananas I would like you to bring your paper
up to the front. Once every group has completed the investigation we will have a
math congress to share our ideas.

TEACtfE'R NOTE- Setting up the groups
To group the students into their pairs create a chart with the names of all the
students in the class along with colors next to them. Call the students up four at a time to
find his or her name and color. They must then find the name of their classmate with the
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matching color. Give the students a friendly reminder of the classroom rules pertaining to
working with partners. Have them describe how working with partners will look and how
the room will sound while they work. Let the students know that they do not have to
work at their desks they may use the floor to count their animals. Once they have found
their partner invite the students to find the tub with the con-esponding color and their own
space to work on the task at hand.
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InvestigationMake sure each group has their own tub of unifix cubes. Allow the students to
work and spread out their paper and unifix cubes. The students can use any strategy to
count the amount of animals as long as they understand what they are doing and can
explain it to others. During the investigation the teacher walks around to discuss and ask
questions to each group.
Ask the groups questions like-

o How many cages will the zookeeper need?
o How do you know that

cages will be needed?

o Show me how you know that there are _ _ _ cages.
o Will each cage have the same number ofleopards?
o Let us put that down on paper so you don't forget what you did and
you can share it later.
o What numbers did you use?
o What else did you notice?

rEACflE'R N<91t- While the students are working the teacher also must do a
diagnostic on the students. Walk around and examine the strategies the students are
using. Use the checklist in the assessment section. Using this checklist will help you
make decisions on who and in what order will present in the math congress.
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Math CongressTeachers Role- Signal the students that it is time to come together as a group at
the front of the room. Invite several groups to share their strategies and ideas. It is
important to have the groups share their ideas in an order that will build upon each other.
The order of the groups will depend on what the teacher observed during the
investigation. Some strategies the students may use could include counting by ones,
counting in groups and skip counting. The teacher will ask other students to paraphrase
the strategy that the group used to make sure that all students understand. During the
math congress the teacher points out the connections between the strategies that the
groups used. As each of the group's strategies build on one another the teacher must also
point out the effectiveness of the more advanced strategies. The teacher needs to ask
questions like:
o
o
o
o
o
o
o
o

How many cages will the zookeeper need, how did you get that number?
What strategy did you use?
Do all of the cages have the same amount?
On your chart, I see
, can you explain what you did?
Did any group use a strategy similar to this?
Did any group use a strategy different to this one?
Who can explain how (name) did this problem?
What else did you notice?

Students Role- During a math congress the students present and defend their
ideas. Each group must explain what they did to solve the problem. Once they have
explained their strategy the other students should ask the presenting group members
questions to clarify their understanding of the strategy.
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Assessment·
Teachers need to use assessment to inform their instruction. During the
investigation the teacher uses their observation skills to asses their students. While the
students are working on the investigation the teacher must walk around and interact with
each group. The teacher needs a way to record what each group/ student is doing. An
easy way to do this is by creating a checklist that includes; the students' names, the
strategies they are using, the big ideas in the investigation, and how the students are
representing or modeling their work. Compiling student work into a portfolio is another
way that teachers can assess. Portfolios show the students improvement and the strategies
that they use.
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Follow up activities Here are some suggestions to take this investigation even further to deepen the
students understanding of the big ideas.
Have students figure out the totals for different amounts of different animals in
their enclosures.
Tape out different number of cages on the classroom floor and have the students
figure out how many cages it would take to fit all of the students in the class if
only so many could fit into the cage at a time.
Have the students take the leopard problem to another classroom of either the
same grade level or different grade level. Have the students explain the problem
and figure out the total with a student from the other classroom.
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CHAPTERV
SUMMARY & RECCOMENDATIONS
Summary
This project is a format for developing investigations that includes a sample set of
investigations that teachers can use as a resource. This project develops an investigation
that assists teachers in presenting math concepts within the context of his or her students'
everyday life. Investigations use real live experiences as background and context for
student learning. By developing a problem that can be related to the student's attitudes
will improve towards math.
This project is aimed at primary school educators looking for ways to engage their
students in hands-on experiences instead of using traditional algorithms in learning
mathematics. By engaging and having the student mathematize allows for a deeper
understanding of the concept. The tasks are based around the mathematics standards set
for by the National Council of teachers of Mathematics.
This project integrated the use of context into learning mathematics instead of
traditional algorithms. In recreating this project changes can be made. Each of the tasks
should be placed in a context that students have an interest or connection to. The tasks
need to be pieced together in such away that the students are able to see the connections
between the strategies, numbers and operations within the tasks. Other ideas include;
more research dealing with encouraging student invented strategies.
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Recommendations
1. The researcher suggests that the teacher look into other reform curriculum that
encourages using student created strategies and the use of context within the
United States and foreign countries such as Singapore, Korea, and Japan.
2. The teacher should become familiar with the standards that are set by the their
state or national standards
a. Washington State Standards- http://www.kl2.wa.us
b. National Council of Teachers of Mathematics -http://www.nctm.org
c. National Council of Teachers of Mathematics. (2000). Principles and

standards for school Mathematics. Reston, VA.
3. The teacher may want to develop an interest inventory at the beginning of the year
to gain knowledge about their student's backgrounds and interests. The
inventories can serve as a source of information to develop relevant context for
the Math Workshops.
4. The teacher may want to ask the school or public librarians to help develop a list
of children's literature. The librarian can help create a set of books that include
mathematical concepts or give background information to the students about
certain topics.
5. The tasks within the project were created for K-2"d elementary classrooms but can
be changed to easily to be appropriate for 3rd_5th grades. This can easily been done
by changing the numbers and different amounts with in the investigations and
minilessons.
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6. Few studies have been done to integrate investigations within other subjects.
Investigations should not just be within math. They can be integrated within the
other school subjects.
A format for the development of primary grade level math investigations was
created from the production of this project. The basic foundation has been established but
future research in this subject should expand on ways that encourage students to create
and use their own strategies as well as be responsive to the changing interests of the
student from year to year.
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